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METHODS
A systematic review of all comparative studies up to November 2016, without language restriction that were identified from MEDLINE and the Cochrane Controlled Trials Register , and EMBASE . Further searches were performed using the bibliographies of articles and abstracts from major conferences such as the ESCP, NCRI, ASGBI and ASCRS. MeSH and text word terms used included "sigmoidoscopy", "music" and "endoscopy" and "anxiety". All comparative studies reporting on the effect of music on anxiety or pain during flexible sigmoidoscopy, in adults, were included. Outcome data was extracted by 2 authors independently using outcome measures defined a priori. Quality assessment was performed.
RESULTS
A total of 4 articles published between 1994 and 2010, fulfilled the selection criteria. Data were extracted and analysed using OpenMetaAnalyst. Patients who listened to music during their flexible sigmoidoscopy had less anxiety compared to control groups [Random effects; SMD: 0.851 (0.467, 1.235), S.E = 0.196, P < 0.001].
There was no statistically significant heterogeneity (Q = 0.085, df = 1, P = 0.77, I 2 = 0). Patients who listened to music during their flexible sigmoidoscopy had less pain compared to those who did not, but this difference did not reach statistical significance [Random
INTRODUCTION

Rationale
Colorectal cancer is the third most common cancer diagnosed amongst men, and second amongst women. It is the fourth common cause of cancer deaths [1] . The United Kingdom Flexible Sigmoidoscopy Trial demonstrated that a once only flexible sigmoidoscopy screening between ages 55 and 64 [2] , significantly reduced the incidence of colorectal cancers and cancerrelated mortality from the disease. Following this study, screening using flexible sigmoidoscopy was piloted across six centers in England, inviting anyone aged 55 years to undergo screening. The uptake was 43% (45% in men and 42% in women, 33% in low socioeconomic areas) [3] . A Study on patient attitudes towards screening flexible sigmoidoscopy (FS) showed as possible reasons for poor uptake to be embarrassment and concern regarding pain during the procedure [4] . Anxiety is also thought to be an important factor that may deter patients undergoing screening FS [5] . Given the benefit of FS screening, techniques designed to improve patient tolerance without increasing costs may lead to an increase in uptake. Methods such as distraction have previously been used as costeffective and noninvasive interventions to alleviate acute and chronic pain [6] . It would therefore be useful to see if distraction techniques such as music can be used to reduce anxiety and pain in patients undergoing flexible sigmoidoscopy.
Music has been shown to modulate activity in parts of the brain that control emotions [7, 8] , and modulate the dopaminergic systems of the brain [9, 10] . The association between music and emotions is complex and can be explained by a series of mechanisms including brain stem reflexes, musical expectancy and contagion [11] . A meta-analysis by Lee found music to be an effective complimentary adjunct, for pain and discomfort in different scenarios like acute or chronic pain, during procedures and cancer [12] . Cepeda et al [13] agreed that music can reduce pain intensity and requirements for analgesia, but suggested that the size of these effects was small. Music has been shown to reduce anxiety levels in patients who have had acute myocardial infarction [14] . In promoting relaxation and diverting attention from anxiety or painful stimuli [5] music has been utilized as a tool to improve user experience in sectors like hospitality, through a positive perceptual experience. Music as a therapy is regarded as one of the most effective distraction techniques with high level of patient compliance [15] , because it introduces a competing sensory stimulus, which alters the cognitive perception of pain.
Objective
This article focuses on the role of music on anxiety, pain scores and helpfulness during flexible sigmoidoscopy. Our primary hypothesis was that music results in lower post-procedural anxiety compared to those who do not listen to music in the endoscopy room. Secondary hypotheses were: (1) that there is less pain in the music group; and (2) patients find music helpful during their procedure. Anxiety and pain were assessed using a continuous scale whilst helpfulness was a binary outcome.
MATERIALS AND METHODS
The title, methods and outcome measures were stipulated in advance and the protocol is available in the PROSPERO database [16] . We searched the MEDLINE, EMBASE and CINAHL databases available through the NHS National Library of Health website, the Cochrane library and PubMed available online, up to November 2016. There was no language restriction. Text words "music", "melody", "opera", "classical music", "distraction", "flexible sigmoidoscopy", "anxiety", "screening" and "endoscopy" were used in combination with the medical subject heading "sigmoidoscopy" and "music". Relevant articles referenced in these publications were obtained and the references of identified studies were searched to identify any further studies. A flow chart of the literature search according to PRISMA guidelines is shown in Figure 1 [17] . We identified and selected all comparative studies reporting the use of any type of music in adult patients of any age or gender undergoing flexible sigmoidoscopy. No regional restriction was placed. No language or publication date restriction was used. Studies that reported on anxiety, pain or usefulness of music during procedure irrespective of assessment methods used were included (Table 1) . Studies, which used post-procedure questionnaires assessing whether patients found music helpful, were also included. Each included article was reviewed by two researchers (MRSS and APS). This was performed independently and where more specific data or missing data was required the authors of manuscripts were contacted. Data was entered onto an Excel worksheet and compared between authors. Any disagreements that arose between the reviewers were resolved through discussion and if no consensus could be reached, a third senior author would decide.
Patient demographics and study characteristics were extracted from the relevant studies. The study characteristics included were country of origin, year, music selection and study type. Patient demographics included total number of patients, age and gender (Tables 2 and 3) .
Statistical analyses were performed using OpenMetaAnalyst (http://www.cebm.brown.edu/openmeta) [18] . Conventional comparative meta-analytical techniques were used. For comparative outcomes, a value of P < 0.05 was chosen as the significance level for outcome measures. Binary data was summarized using risk ratios (RR) and combined using the Mantel-Haenszel method for fixed effects and the DerSimonian and Laird method in the random effects model [19] . For continuous data (anxiety and pain scores), Hedges g statistic was used for the calculation of standardized mean differences All studies reporting on music therapy during flexible sigmoidoscopy All comparative studies using any control All study designs, adults of any sex and any languages Table 1 Inclusion criteria (SMD). The SMDs were combined using inverse variance weights in the fixed effects model and the DerSimonian and Laird method in the random effects model [19] . Heterogeneity of the studies was assessed according to Q and I 2 . A random effects method was used due to presence of clinical heterogeneity. In a sensitivity analysis, 0.5 was added to each cell frequency for trials in which no event occurred, according to the method recommended by Deeks et al [20] . Forest plots were used for the graphical display. The statistical methods used were reviewed by MRS Siddiqui, PhD Research Fellow at The Royal Marsden Hospital NHS Trust and Croydon University Hospital, London, United Kingdom.
The methodological quality of the trials included for meta-analysis was assessed using the risk of bias tool available from Revman Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) [21] . Authors performed assessment independently (Muhammed R S Siddiqui and Arun P Shanmuganandan) (Figure 2 ). There were insufficient studies to perform a meta-regression according to music type, patient age and gender. Furthermore, we could not formally assess for publication bias due to the low number of studies although this may imply inherent bias highlighting the need for further studies.
RESULTS
Study selection
Three hundred and six articles were screened for relevance ( Figure 1 ). The electronic databases searched (Medline, Cochrane, EmBase) yielded 177 records and in addition 129 citations were identified through bibliographies and conference proceedings. After removal of duplicates 297 unique records were left. Records were excluded if they were deemed irrelevant or not related to the study. On further scrutiny, 4 studies [5, 6, 15, 22] reported on outcomes after music during flexible sigmoidoscopy in respect to anxiety, pain scores and whether it was deemed helpful. These studies were chosen based on our inclusion criteria (Table 1) . There was no data from any unpublished or grey literature.
Study characteristics and types
The characteristics of the 4 studies included are summarised in Table 2 . All 4 studies [5, 6, 15, 22] were published in English. Three studies were carried out in the United States [5, 6, 15] and one [22] in Europe. All studies were comparative, 3 used randomized allocation, but no blinding. None of the patients received sedation. 3 studies offered patients a choice of music from collections of a variety of styles of music like jazz, classical, country-western, blues, gospel music, pop and rock, while in the fourth study [6] , patients listened to ocean shore sounds.
Participants
A total of 445 patients were included in this review. Of the studies that reported sex there were 208 men (55%) and 173 women (45%). Of the studies that reported age the mean was 53.5 years (range = 20-76 years).
Assessment methods
Anxiety was measured using the State-Trait Anxiety Inventory (STAI) and the Stress symptom ratings (SSR). STAI is a widely used tool to measure subject anxiety in two dimensions; State and Trait anxiety. State anxiety is a transitory emotional condition usually as a response to external stimuli, and Trait anxiety is the subject's baseline emotional status. STAI scoring scales consists of 20 statements to which subjects respond as to how they generally feel (Trait) and how they feel currently (State). Scores range from 1-4 for each statement [23, 24] . In our meta-analysis the STAI was used by 2 studies. SSR anxiety scoring includes 12 visual analogue scale ratings based on mood-related adjectives and grouped into 6 sub-scales (arousal, stress, anxiety, anger, fatigue, attention). In our meta-analysis the SSR was used by one study [6] . Patient discomfort was measured using either a numeric rating scale or a visual analog scale, which was [5] 1994
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United quantified using a standardized scale [25, 26] .
Quality assessment
The methodological quality and risk of bias in the trials included is shown in Figure 2 .
Qualitative synthesis of effect on anxiety
Three studies reported on anxiety during or after flexible sigmoidoscopy [5, 6, 15] . Two studies used the STAI [5, 15] score and 1 study used the SSR score [6] . In the studies that used STAI scores, there was no significant difference between the baseline preprocedure STAI scores: Chlan et al [15] , the mean scores were 40.2 ± 11.9 and 36.9 ± 12.5 in the control and music arms, with a P = 0.28; in Palakanis et al [5] , the respective scores were 35.68 and 36.92, with no statistically significant difference.
However, both studies showed post-procedure STAI were statistically different and that patients who listened to music had better scores compared to the control group: In Chlan et al [15] , the scores were 41.8 ± 13.5 and 34.5 ± 10, with a P = 0.002; in Palakanis et al [5] , the scores were 31.48 and 25.24, with a P < 0.002.
In the study by Lembo et al [6] , that used SSR scoring system to measure the anxiety, the scores were 4.4 ± 0.6 and 2.8 ± 0.4 in the control and music groups respectively (P < 0.05).
Quantitative synthesis of effect on anxiety
Two studies [5, 15] contributed to a summative quantitative outcome and used the STAI anxiety scores. Patients who listened to music during their flexible sigmoidoscopy had less anxiety compared to those who did not [Random effects; SMD: 0.851 (0.467, 1.235), S.E = 0.196, P < 0.001] ( Figure 3A) . Statistical heterogeneity between studies was not significant (Q = 0.085, df = 1, P = 0.77, I 2 = 0).
Qualitative synthesis of pain
Three studies reported on pain during or after the flexible sigmoidoscopy [6, 15, 22] . In study by Chlan et al [15] , there was a statistically significant difference between the control and music arms (P = 0.026). Subjects in the control group reported mean discomfort ratings of 5.2 A B C ± 1.7, while those in the music group, reported lower discomfort ratings of 4.3 ± 2.1. In the study by Lembo et al [6] , the subjects in the music group reported a lower discomfort score of 9.5 ± 1.3, when compared to the score in the control group of 10.8 ± 1.6.
In the study by Meeuse et al [22] , there was no statistically significant difference between the mean pain intensity scores in the control and intervention groups 40 ± 29 and 36 ± 27, P = 0.27).
Quantitative synthesis of pain
Three studies [6, 15, 22] contributed to a summative quanti- 
Qualitative synthesis of helpfulness
Two studies reported on whether music was helpful during a flexible sigmoidoscopy [15] . In the study by Chlan et al [15] , 25 of the 30 patients (83%) found the intervention helpful. Nineteen of the 34 (56%) subjects in the control group, did not feel music would have been helpful during the procedure.
In the study by Palakanis et al [5] , 22 of 25 the subjects (88%) in the music group, deemed the intervention as helpful, while 14 of the 25 subjects (56%) felt music would not have helped or were unsure of its role.
Quantitative synthesis of helpfulness
Two studies [5, 15] contributed to a summative quantitative outcome. Patients who listened to music during their flexible sigmoidoscopy found it was a useful intervention and this was statistically significant compared with patients who did not listen to music [Random effects; RR = 0.61 (0.46, 0.80), P < 0.001] ( Figure 3C ). Statistical heterogeneity between studies was not significant (Q = 0.999, df = 1, P = 0.318, I 2 = 0).
Risk of bias
Three [5, 6, 15] studies selected patients by randomization;
in two of these [5, 15] it was by the flip of a coin, while in the other the technique of randomization has not been described [6] . The study by Meeuse et al [22] , chose control and intervention groups from consecutive patients referred for flexible sigmoidoscopy, during different periods of time. None of the studies describe concealed allocation post randomization. This does lead to an element of selection bias.
Both the subjects and the person carrying out the tests, along with the investigators collecting the data, were not blinded. This theoretically implies a high risk of performance/observer bias, but it is unavoidable considering the nature of the procedure and intervention being studied.
Publication bias
Publication bias was not formally assessed due to low number of studies. This may indicate there is potential for publication bias and therefore conclusions should be taken with caution. In addition, exclusion of unpublished data is a source of publication bias.
DISCUSSION
Our study has shown that music reduced anxiety during flexible sigmoidoscopy (P < 0.001). This is in keeping with other studies [27] , which in a similar population to ours showed that music decreased the anxiety levels in patients undergoing awake colonoscopy, without sedation. In a study by Ovayolu et al [28] , listening to Turkish classical music reduced levels of anxiety and sedative medication. This was further confirmed in a meta-analysis by Rudin et al [29] . A subsequent Randomized controlled trial by El-Hassan et al [30] , demonstrated that music reduced anxiety levels in patients undergoing any type of endoscopic procedure, which was maintained across all age groups. This again is in keeping with our study findings. Music has also shown to reduce the physiological signs of stress like heart rate and blood pressure during colonoscopy, and analgesia requirements [31] . In another study by Uedo et al [32] music during colonoscopy reduced salivary cortisol levels, which was a sign of reduced stress levels. The complex effects of music on emotions through its action on certain parts of the brain and its neurotransmitters can be an explanation for this observation. This may also explain why music reduced anxiety in women significantly when compared to men, during colonoscopy, as they were found to have a significantly higher anxiety scores before the procedure [33] . There were no reviews on effect of music on anxiety in patients undergoing flexible sigmoidoscopy alone.
Our study has also showed that patients who listened to music during flexible sigmoidoscopy deemed it more helpful compared to those who did not [Random effects; RR = 0.61 (0.46, 0.80), P < 0.001] ( Figure  3C ). Statistical heterogeneity between studies was not significant (Q = 0.999, df = 1, P = 0.318, I 2 = 0). This is in keeping with most other studies involving music during colonoscopy, where the patients felt listening to music was helpful and improved their satisfaction scores [28, [34] [35] [36] . As for the effect of music on pain and discomfort during flexible sigmoidoscopy, this is less certain. In our study, patients who listened to music had less pain and discomfort compared to those who did not listen to music, but this difference was not statistically significant [Random effects; SMD: 0.345 (-0.014, 0.705), SE = 0.183, P = 0.06] ( Figure 3B ). Statistical heterogeneity between studies was not significant (Q = 3.65, df = 2, P = 0.161, I 2 = 45). One of the studies, by Meeuse et al [22] , did not reveal any reduction in pain with music, even though the choice of music and method of intervention were not different from the other two studies. It is difficult to explain this dichotomy and lack of uniform response of pain and discomfort to music but interestingly this is replicated in similar studies involving colonoscopy [29, 37] . More evidence is needed to study this variable and until then, the potential benefit of music to reduce pain should not be discounted.
The main strength of this study is the comprehensive nature of methodology and hypothesis testing. We employed traditional meta-analytical techniques to answer our hypotheses and highlight the areas that need further investigation and work. The advantage of looking into the utilization of music as an adjunct in flexible sigmoidoscopy means that there is potential for application during any medical procedure that can potentially cause distress, during which patients are awake.
The main limitation in our study pertains to the low number of studies involved in investigating the role of music specific to flexible sigmoidoscopy. Much larger, prospective, better-designed randomized controlled trials with some degree of blinding would have given much more definitive answers to this question. Even though the studies did not exhibit any statistically significant heterogeneity there was some clinical heterogeneity and results should be interpreted with caution.
Assessment of pain and its scoring were not adequately described in the studies, making interpretation difficult. Also, the techniques of patient selection, with particular attention to different subgroups like age, sex, previous surgery, previous sigmoidoscopy, could have been more thorough to make results clinically more relevant. The studies could also have described the length of the intervention, when the intervention started in relation to procedure and the type of music used and choice offered to patient, to make the methodology more comprehensive. The types of music offered to patients could have been described in detail and this may yield itself to a sub-group analysis to study the effects of different types of music.
In summary, this study has effectively documented the potential use of music as a non-pharmacological, almost cost-free intervention for allaying anxiety and potentially reducing discomfort in patients undergoing flexible sigmoidoscopy. The study also showed that music was deemed helpful intervention by patients who listened to it. In the context of relatively low uptake of screening FS, this intervention has the potential to improve patient experience and may facilitate increasing the uptake. However, we feel that further randomized studies with blinding, and involving larger sample sizes may help consolidate our findings. Sub-group analysis, with respect to age, gender, types of music, timing of intervention, duration of the intervention, previous surgery or endoscopy, baseline pain and anxiety scores, experience of the endoscopist, biopsy and therapeutic procedure during sigmoidoscopy, may help clarify further, the benefits of such relaxation and distraction techniques in improving patient experience during flexible sigmoidoscopy.
CONCLUSION
Music appears to reduce anxiety and was deemed a helpful adjunct in patients undergoing flexible sigmoidoscopy. It may also reduce pain during procedure but further studies are required to confirm this finding. This intervention may potentially improve patient experience and have a positive effect on the uptake of the screening test. There is a paucity of trials focusing only on flexible sigmoidoscopy and more work is required to consolidate our findings.
COMMENTS
Background
Flexible sigmoidoscopy is being increasingly used in the early detection of colorectal pathology, especially as a screening tool in asymptomatic patients. The United Kingdom Flexible Sigmoidoscopy Trial showed a once-only flexible sigmoidoscopy screening between ages 55 and 64, significantly reduced the incidence of and cancer related mortality from colorectal cancer. Despite this, the uptake of flexible sigmoidoscopy remains low, due to patients' anxiety and concerns about discomfort and embarrassment during the procedure. So this study aims to evaluate the role of music as an adjunct during flexible sigmoidoscopy in improving patient experience.
Research frontiers
In this study, the authors have assessed the role of music in reducing patients' anxiety and discomfort and if this intervention was found by patients to be helpful during the test. They have reviewed comparative studies that used music as an intervention during flexible sigmoidoscopy and have performed both qualitative assessment and quantitative synthesis of outcomes. This is the first such study to systematically review and meta-analyse the use of music during flexible sigmoidoscopy in improving patient satisfaction. This is significant because unlike other endoscopic procedures like colonoscopy and oesophagogastroduodenoscopy, where intravenous sedation is widely used, flexible sigmoidoscopy is mostly performed with no sedation and hence any nonpharmacological relaxation or distraction technique will greatly improve patient experience.
Innovations and breakthroughs
This study appears to conclude that music reduced patient anxiety during the procedure and patients deemed it to be a helpful adjunct. Discomfort was also apparently improved, but a larger study may be needed to confirm this observation.
Applications
This study will encourage endoscopists to actively use music as a nonpharmacological, practically cost and risk free adjunct to improve patient experience and this may potentially help increase uptake of this very important screening test. This has helped consolidate a long-held and widely considered speculation that music can act as an effective distraction and relaxation technique during flexible sigmoidoscopy. This study was however limited by the small number of comparative studies addressing this clinical question; hence results should be interpreted with caution. However, as the intervention is completely risk and adverse effects free, this can still be applied in practice, pending further larger, better constructed randomized comparative studies.
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